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Abstract
This research was conducted as an ambitious eco-project of “National Ecological Health Assessments in South Korea”
to diagnose the ecological health of 72 streams and rivers in Geum river watershed by an Index of Biological Integrity M odel
(IBIKW ) based on fish assemblages. The objectives of this study were to know the systematic impacts on the health of the
biological systems, identification of impairment and take a snap-shot of the biological community structure. The IBI KW model
consists of eight fish assemblages attributes, termed as metrics, that are related to environmental quality, ecosyst em integrity
and biodiversity of the Geum river watershed streams and rivers: number of native species, number of riffle benthic species,
number of sensitive species, proportion of tolerant species, proportion of omnivore species, proportion of native insectivore
species, total number of native individuals and proportion of anomalies. Physico-chemical water quality parameters and fish
species compositions were greatly influenced by land-use patterns. According to the IBIKW , one stream was classified as
ecologically good, nine streams as fair, 61 streams as poor, and one as very poor. Analysis of trophic and tolerance guilds
revealed that tolerant species were dominant in polluted regions, whereas sensitive species preferred less polluted areas.
Nutrients and organic matter were responsible for the production of algae in the waterbodies, and total phosphorus (TP) was
the major key factor. Overall, the ecosystem health assessment by IBI KW gives a clear insight into the biological condition of
Korean watersheds and could play a significant role in regular bioassessments, postrestoration assessments, successful
management and conservation.
Keywords: Ecosystem health, trophic and tolerance guilds, IBI index, land-use pattern, water quality parameters.

Introduction
The crop production and drinking water quality
depend on freshwater ecosystem health which
indirectly affects the survivability of human society
(Cairns & Niederlehner, 1995). The degradation of
the freshwater aquatic ecosystems and assessments of
the health are the major key issues for ecologist,
limno logist, and other scientists and its mechanism
are co mplex and not easy to measure their co mb ined
effects on the systems (Simon & Lyons, 1995).
Stream fish can be used as an important tool to assess
the effects of mu ltiple stressors to the aquatic
environments and health of lotic ecosystems (Karr,
1981; EPA, 2002). Fish commun ity structure are
closely related to land-use patterns (Karr, Fausch,
Angermerier, Yant, & Sch losser, 1986), physical
habitat quality (Fausch, Karr, & Yant, 1984),
chemical water quality (Fausch et al., 1984; Karr et
al., 1986), and b iological interactions (Steed man,
1988; Allan, Erickson, & Fay, 1997).

Evaluations of ecological health have used the
fish multimetric model of Index of Biological
Integrity as a reliable source of informat ion. The
mu ltimet ric fish model has been widely used to
evaluate the ecological status of bodies of water. It is
constructed based on biological indicators and
physical habitat conditions. To evaluate stream health,
Karr (1981) constructed a model known as an IBI
model. The model co mbines 12 fish assemblage
attributes or metrics that are classified into three
groups: species richness and composition, trophic
composition, and fish abundance and health. The IBI
model accu mulates information fro m the indiv idual,
population, assemblage, and ecosystem levels into a
single numerical indicator and gives a quality rat ing
for aquatic ecosystems (Karr et al., 1986). The major
advantage of the IBI model is that it is very cost
effective and relies on quantitative and mult imetric
approaches rather than a single-parameter approach
(Karr & Dionne, 1991; Barbour, Gerritsen, Snyder, &
Strib ling, 1999). Thus, the IBI has emerged as a key
tool for the restoration (Karr, 1991), mit igation
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(Yoder & Ran kin, 1998), and conservation (Barbour
et al., 2000) of degraded aquatic ecosystems.
Approximately 70% of the land in Korea is
mountainous. Agricultural and urban-dominated
streams are beco ming polluted because of intensified
urbanization and agricu ltural practices that greatly
influence the water chemistry and fish co mpositions
of the water. Thus, the IBI model was modified
regionally by An et al. (2006) to give it the flexibility
to assess national stream health conditions compared
to areas such as North America (Karr & Dionne,
1991; EPA, 1993), Europe (Hughes & Oberdorff,
1999), South America (Lyons, Navarro-Perez,
Cochran, Santana, & Gu zman-Arroyo, 1995), and
Africa (Hugueny, Camara, Samou ra, & Magassouba,
1996). To successfully assess the health of Korean
watersheds, the IBI model has been developed and
categorized into eight metrics (An et al., 2006) and 10
metrics (Wang et al., 2008; An et al., 2010).
This paper gives a clear idea about the
ecological health of rivers and streams in the Korean
Geu m River watershed based on the IBIKW model and
outlines the relationship among trophic composition,
tolerance guilds, and land-use patterns and evaluates
the effects of nutrients and organic matter on fish
assemblages in the watershed.

Materials and Methods
Study Sites
This study was conducted in the Geu m River
watershed which is located between 35° 34′ 47″ to
37° 03′ 03″ lat itude and 126° 40′ 25″ to 128° 03′ 53″
longitude (Geu m River Basin Environmental Office,
2007). The total area of the Geu m river watershed is
17,537 km2 (M in istry of Land, Transport, &
Marit ime A ffairs, 2009). Fish and water quality data
were co llected fro m 72 sampling sites in 2012 (Figure
1), which were div ided into agricultural, urban, and
forestry-dominated regions.

DU-65) after extraction in hot ethanol (Marker,
Cro wther, & Gunn, 1980). Nutrient analyses were
performed in triplicate whereas Chl was measured in
duplicate.
Sampling Equipment and Methods
Fish assemblages were samp led overnight fro m
the Geu m River using sets of fyke nets (FN), gill nets
(GN), trammel nets (TN), minnow traps (MT), cast
nets (CN), and kick nets (KN). The trammel net (50 m
long and 1.0 m high, mesh size 12 × 12 mm), gill net
(50 m long and 2 m h igh, mesh size 45 × 45 mm),
fyke net (20 m long and 2.4 m h igh, mesh size: 5 × 5
mm), cast net (mesh size: 7 × 7 mm), kick net (mesh
size: 4 × 4 mm), and minnow t rap (0.6 m long and 0.3
m high, 4 mm mesh size) were used in the open water
at different depths. The cast net and kick net were
used in nearshore as well as offshore waters of the
Geu m River. The fy ke net, g ill net, trammel net, and
minnow trap were installed along the shoreline using
a small boat. The littoral zone was sampled at a 0.5-1
m water depth using the cast net (38.5 m2 capture
area) and kick net (1.6 m2 capture area). The cast net
was mainly used in the open water around the littoral
area, and the kick net was used in shallow regions
with hydrophytes and weeds. At each samp ling
location, the sampling distance was 200 m and the
elapsed sampling time was 60 min by following the
quantitative sampling method of Barbour et al.
(1999). After collecting the samples, the fish was
identified and any abnormalities in those fish were
also noted. Trophic and tolerance species analyses
were conducted using previous regional studies (An,
Kim, Kong, Kim, 2004).
Data Analyses
Data were analyzed using Sig ma Plot version
10.00 (Systat Software Inc.) and PC-ORD software
(McCune & Mefford, 1999).

Analysis of Water Quality Parameters

Results and Discussion

Important Physico-chemical water quality
parameters were determined as follows - electrical
conductivity was determined using a portable
mu ltiparameter analyzer (YSI Sonde Model 6600),
total nitrogen (TN), biological o xygen demand (BOD),
and chemical oxygen demand (COD) were measured
using the chemical testing method standardized by the
Ministry of the Environment (MOE, 2006), total
phosphorus (TP) was determined using the ascorbic
acid method after the chemical testing method
standardized by the Ministry of the Environment
(Korea), total suspended solids (TSS) were filtered from
the water through preweighted Whatman GF/ C filters
and then weighed after drying at 103°C for 1 h (MOE,
2006), and the chlorophyll-a (CHL) concentration was
measured using a spectrophotometer (Bechman Model

Chemical Water Quality in Relation to Land-Use
Patterns
Nutrients, organic matter, and sestonic
chlorophyll were directly determined by land-use
patterns in the watershed (Table 1). Water quality was
lowest in agricultural regions compared to urban and
forestry regions. Mean TN and TP were higher in
agricultural regions than in the other types of regions,
and organic matter pollution (based on BOD and
COD) showed the same pattern as nutrients. The high
levels of nutrients and organic matter in agricultural
regions were mainly attributable to the massive use of
crop fertilizers by intensive farms. By contrast,
concentrations of TP, TN, BOD, COD, SS, and EC
were lo west in forest reg ions, which indicates pristine
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Figure 1. Sampling sites of Geum river watershed which was located in the middle-west part of South Korea.

Table 1. Chemical water quality in relation to the land-use pattern of the Rivers and Streams in the Geum River watershed.
The land-use pattern was categorized as agricultural dominated region (A g-D Reg.), urban dominated region (Ur-D Reg.) and
forestry dominated region (Fr-D Reg.)

Chemical Parameter
Total phosphorus (µgL-1)
Total nitrogen (mgL-1)
Chlorophyll (µgL-1)
Biological oxygen demand (mgL-1)
Chemical oxygen demand (mgL-1)
Suspended solids (mgL-1)
Electrical conductivity (µScm-1)

Ag-D Reg.
M ean±SE
(M in-M ax)
134.05±17.69
(21.0-319.0)
3.54±0.46
(1.12-7.19)
27.08±6.74
(0.16-103.1)
5.07±0.79
(0.8-15.26)
9.04±0.91
(3.03-18.3)
18.73±2.64
(2.5-42.1)
384.23±35.41
(196-791.66)

water quality conditions. These lo w nutrient levels
were due to no point sources or nonpoint sources
being located in the forest region. The low nutrients
resulted in lo w concentrations of sestonic chlorophyll,
although chlorophyll was also affected by high
current velocity and vegetation shading in the forest
region. By contrast, chlorophyll was highest in the
agricultural region, main ly because of the high supply
of N and P fro m fert ilizer runoff. Yoon, Cho, Cho i,
and Son (2006) pointed out that excessive amounts of
fertilizer have been used in paddy fie lds, providing an
important source of nitrogen and phosphorus.
Fish Trophic and Tolerance Guilds in Relation to
Land-Use Patterns
Trophic and tolerance preferences were closely

Land-use Pattern
Ur-D Reg.
M ean±SE
(M in-M ax)
133.66±69.59
(17.0-669.0)
2.66±1.00
(0.96-10.56)
17.24±6.57
(0.5-63.13)
3.02±0.59
(1.1-6.56)
5.72±0.93
(3.2-12.3)
6.02±1.37
(1.03-15.16)
271.66±31.77
(175.33-495.66)

Fr-D Reg.
M ean±SE
(M in-M ax)
19.33±3.71
(5.0-30.0)
1.39±0.07
(1.19-1.60)
3.35±1.08
(0.1-6.63)
1.01±0.10
(0.63-1.36)
3.41±0.48
(1.73-4.6)
4.37±1.48
(0.76-10.53)
139.33±11.53
104.66-187.33)

associated with land-use patterns. Land-use patterns
greatly affected the distribution of fish species in the
water (Figure 2). The percentage of tolerant fish
species (Micropterus salmoides, Zacco platypus etc.)
were increased linearly with increasing agricultural
(R2 = 0.76, P<0.007) and urban area (R2 = 0.36,
P<0.007). By contrast, the abundance of tolerant
species decreased linearly with increasing forest area
(R2 = 0.72, P<0.01). Sensitive species were positively
related to forest area. The p roportion of sensitive
species increased linearly with increasing forest area
(R2 = 0.57, P<0.07). Sensitive species (Zacco
temminckii, Pseudobagrus brevicorpus etc) had an
inverse relationship with the amount of urban (R2 =
0.17, P<0.03) and agricultural land (R2 = 0.82,
P<0.01). Th is study supports the suggestion that
tolerant species can persist in polluted regions,
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Figure 2. Percentage of tolerant and sensitive fish based on land-use pattern. The red dots denote outliers.

whereas sensitive species prefer cleaner areas
(Mamun, Choi, Lee, & An, 2017).
Chemical Tolerance in Three Species
Fish abundance depends on water quality.
Biological o xygen demand (BOD) and total
phosphorus (TP) were the factors most responsible for
organic matter and eutrophication, respectively, in the
water. The relat ionships of biological o xygen demand
(BOD) and total phosphorus (TP) were the converse
of fish abundance (Figure 3). Total phosphorus (TP)
was the limit ing factor for primary production in the

water, and when the concentration of TP increased,
the water became turbid. Nutrient and organic matter
polluted the water. Our findings strongly support the
view that fish prefer to live in clear water than turbid
water (Choi, Kumar, Han, & An, 2011).
Nutrient Contents, Organic Matter, and Sestonic
Chlorophyll
Nutrient contents (TP and TN), organic matter
(BOD and COD), suspended solids (SS), and sestonic
chlorophyll (CHL) were influenced by stream
elevation (Figure 4). Concentrations of TP and SS
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Figure 3. Influence of BOD (mgL-1) and TP (mgL-1) on the abundance of Zacco platypus, Pungtungia herzi and
Micropterus salmoides.

decreased as the stream elevation increased. The R2
value was highest (R2 = 0.44) for the relationship
among SS, COD, and elevation. With rising elevation,
concentrations of BOD, CHL, and TN decreased
gradually, with R2 values of 0.42, 0.16, and 0.14,
respectively. When elevation increased, the current
velocity also increased. Current flow washed
nutrients, organic matter, suspended solids, and
chlorophyll fro m the upper regions to downstream
regions. This strongly influenced the concentrations

of nutrients, organic matter, suspended solids, and
chlorophyll in downstream areas (Tab le 1; Choi et al.,
2011).
An Empirical Regression Model of Chlorophyll
and Nutrients
An empirical model was used to determine
whether the system was phosphorus limited or
nitrogen limited. Emp irical model of CHL-TP showed
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Figure 4. Variations of stream nutrients and chlorophyll with elevation among 72 streams.

a strong relationship, with an R2 value o f 0.16,
whereas the emp irical models of CHL-TN and CHLTP showed weak relationships, with R2 values of 0.11
and 0.09, respectively (Figure 5). In the CHL-TP
model, algal growth was influenced by TP, which
indicates a phosphorus-limited system. The R2 value
of 0.11 for the CHL-TN model indicated that
phytoplankton growth was less affected by the
concentration of TN in the water. The relationship s
reported here support the view that phytoplankton in
ecosystems respond to P enrich ment and that annual

mean TP may provide a reliable basis for predict ing
average primary productivity (Prepas & Trew, 1983).
Principal Component Analysis Based on Land-Use
Patterns, Nutrients and Organic Matter and
Trophic and Tolerance Guilds
Principal co mponent analyses assessed how
land-use patterns affected physiochemical water
quality parameters and trophic and tolerance guilds at
the study sites (Legendre & Legendre, 1998; Figure
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Figure 5. Empirical regression model of Log-transformed CHL (µgL-1), TN (mgL-1), TP (µgL-1) and TN: TP ratio.

6). Streams were div ided into agriculture, fo restry,
and urban zones by PCA analysis. In the PCA
ordination, axes 1 and 2 together accounted for 36%
of the variance in indiv idual abundances under the
trophic and tolerance guild analysis and land-use
patterns. In the forestry zone, sensitive, intermediate,
and insectivorous species were do minant because the
water had greater clarity than in the agricultural and
urban zones. In agriculture regions, the abundance of
tolerant and carnivorous species were prominent due
to high concentration of nutrients, organic matter, and
suspended solids which makes the water more turbid.
This supports the view that carnivorous and tolerant
species prefer polluted areas to clear zones (Lee &
An, 2014). The proportion of o mnivorous species was
highest in an urban area. The stream health conditions
and IBI values showed good conditions in the forestry
zone.
Ecosystem Health Assessments
To determine the health of streams in South
Korea, we used the IBIKW model, which was div ided
into an eight-metric system including various criteria
that were categorized into three groups for regional
assessment (An et al., 2006, 2010): species richness
and composition (group I: M 1 –M 4 ), trophic
composition (group II: M 5 and M 6 ), and fish
abundance and condition (group III: M 7 and M 8 ;
Table 2).
The IBI score was calcu lated using the Karr
methodology (Karr, 1981). A score of 5, 3, or 1 was
assigned to each metric (Barbour et al., 1999)
according to whether its value appro ximated, deviated
fro m, o r greatly deviated fro m, respectively, the
expected value in the eight-metric rating. IBI scores
were divided into five categories -excellent (46-50),
good (36-40), fair (26-30), poor (16-20), and very
poor (<10)-using a modified EPA (1994) approach.
IBI values varied fro m stream to stream and
depending on location and year. Of the 72 streams
surveyed, only one stream was in ecologically good

condition, and nine streams were in fair condition.
Most of the streams (61) were classified as poor. One
stream was classified as being in very poor condition.
This strongly implies that the ecological health of
these streams remains severely impaired (Choi et al.,
2011).
IBI values (Figure 7) revealed that the number o f
riffle benthic species (M 2 ) and sensitive species (M 3 )
increased with increasing IBI value and had a positive
linear relationship, with r values of 0.63 and 0.54,
respectively. Nu mber of native fish species (M 1 ) and
individuals (M 7 ) were in their h ighest position when
the IBI score was at mid level. Tolerant (M 4 ) and
omnivorous (M 5 ) species had inverse relationships
with IBI values, which suggests that omnivorous and
tolerant species prefer polluted reg ions. The
relationship between native insectivorous species
(M 6 ) and IBI value was not clea r. When the IBI value
was lowest, the proportion of individuals with
anomalies (M 8 ) was at its peak, which suggests that
stream health was poor.

Conclusions
Ecosystem health assessments provide baseline
informat ion about stream health. The IBI has been
widely used worldwide to evaluate the condition of
watersheds, as it is a cost-effective method. Stream
health based on the IBI depends on water quality
parameters, fish composition, and land-use patterns.
This analysis indicated that for most of the strea ms
assessed, health conditions were not good. The
Korean government should attend to stream
conservation, and additional research is also important
in some basic areas such as sampling effort,
assemblage responsiveness, and indicator sensitivity.
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Figure 6. Principal component analysis (PCA) of 72 sampling streams based on biological, chemical and physical
variables.

Figure 7. The relationship between the index of biotic integrity (IBI) values of Korean Geum river watershed and all the IBI
metrics.
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Table 2. Evaluation of the ecological health based on an index of biotic integrity model (IBIKW ) of the Geum river
watersheds and for each metric value used round figure to describe the IBI scores
M odel category

Species richness
and composition

Trophic
composition

Fish abundance
and condition

M odel metrics

M 1: total number of native
fish species
M 2: number of riffle
benthic species
M 3: number of sensitive
species
M 4:
proportion
of
individuals as tolerant
species
M 5:
proportion
of
individual as omnivore
species
M 6:
proportion
of
individuals
as
native
insectivore species
M 7: total number of native
individuals
M 8:
proportion
of
individuals
with
anomalies

Scoring criteria
5
3

1

Geum river watershed
Agriculture
Urban
zone
zone
11(5)
11(5)

Forestry
zone
13(5)

1(1)
1(1)

2(1)
2(1)

2(3)
3(1)

Expectations of M 1-M3 vary
with stream size and region

<5

5-20

>20

67(1)

62(1)

46(1)

<20

20-45

>45

65(1)

63(1)

58(1)

>45

45-20

<20

26(3)

31(3)

34(3)

170(3)

157(3)

218(3)

<1(3)

<1(3)

0(5)

18
Poor

18
Poor

22
Fair-Poor

Expectations of M 7 vary with
stream size and region
0
0-1
>1

Overall IBI scores
Health status of the stream

References
Allan, J.D., Erickson, D.L., & Fay, J. (1997). The influence
of catchment land use on stream integrity across
multiple scales. Freshwater Biology, 37, 149–161.
http://doi.org/10.1046/j.1365-2427.1997.d01-546.x
An, K.G., Lee, J.Y., Kumar, H.K., Lee, S.J., Hwang, S.J., &
Kim, B.H. (2010). Control of algal scum using
topdown biomanipulation approaches and ecosystem
health
assessments
for
efficient
reservoir
management. Water, Air, and Soil Pollution, 205, 324. https://doi.org/10.1007/s11270-009-0053-5
An, K.G., Lee, J.Y., Bae, D.Y., Kim, J.H., Hwang, S.J., &
Won, D.H. (2006). Ecological assessments of aquatic
environments using a multimetric model in major
nationwide stream watersheds. Journal of Korean
Water Quality, 22(5), 796–804.
An, K.G., Kim, D.S., Kong, D.S., & Kim, S.D. (2004).
Integrative assessments of a temperate stream based
on a multimetric determination of biological integrity,
physical habitat evaluations, and toxicity tests.
Bulletin of Environmental and Contamination
Toxicology,
73,
471–478.
https://doi.org/10.1007/s00128-004-0453-6
Barbour, M .T., Gerritsen, J., Snyder, B.D., & Stribling, J.B.
(1999). Rapid bioassessment protocols for use in
streams and wadeable rivers: Periphyton, benthic
macroinvertebrates and fish. EPA 841-B-99-002 (2nd
ed.). Washington, DC: US Environmental Protection
Agency, Office of Water.
Barbour, M .T., Swietlik, W.F., Jackson, S.K., Courtemanch,
D.L., Davies, S.P., & Yoder, C.O. (2000). M easuring
the attainment of biological integrity in the USA: A
critical
element
of
ecological
integrity.
Hydrobiologia,
422(423),
453-464.

https://doi.org/10.1023/A:1017095003609
Cairns, J., & Niederlehner, B.R. (1995). Ecosystem health
concepts as a management tool. Journal of Aquatic
Ecosystem
Health,
4,
91-95.
https://doi.org/10.1007/BF00044792
Choi, J.W., Kumar, H.K., Han, J.H., & An, K.-G. (2011).
The Development of a Regional M ultimetric Fish
M odel Based on Biological Integrity in Lotic
Ecosystems and Some Factors Influencing the Stream
Health. Water Air Soil Pollution, 217, 3-24.
https://doi.org/10.1007/s11270-010-0563-1
EPA (1993). Fish field and laboratory methods for
evaluating the biological integrity of surface waters.
EPA 600-R-92–111. Cincinnati: US Environmental
M onitoring Systems Laboratory –Cincinnati, Office of
M odeling, M onitoring Systems and Quality
Assurance.
EPA (1994). Environmental monitoring and assessment
program: integrated quality assurance project plan for
the surface waters resource group. 1994 activities,
Rev. 2.00. EPA 600/X-91/080. Las Vegas: US EPA.
EPA (2002). Biological assessments and criteria. EPA 822F-02-006. Washington, DC: US EPA, Office of
Water.
Fausch, K.D., Karr, J.R., & Yant, P.R. (1984). Regional
application of an index of biotic integrity based on
stream fish communities. Transactions of the
American
Fisheries
Society,
113,
39-55.
https://doi.org/10.1577/15488659(1984)113%3C39:RAOAIO%3E2.0.CO;2
Hughes, R. M ., & Oberdorff, T. (1999). Applications of IBI
concepts and metrics to waters outside the United
States and Canada. In T.P. Simon (Ed.), Assessing the
sustainability and biological integrity of water
resources using fish assemblages (pp. 79–93). Boca

880

M. Mamun and K.G. An / Turk. J. Fish. Aquat. Sci. 18: 871-880 (2018)

Raton: Lewis.
Geum River Basin Environmental Office (2007). Geum
watershed environmental statistics. Geum River
Basin Environmental Office, Daejeon
Hugueny, B.S., Camara, B., Samoura, B., & M agassouba,
M . (1996). Applying an index of biotic integrity based
on communities in a West African river.
Hydrobiologia,
331,
71-78.
https://doi.org/10.1007/BF00025409
Karr, J.R. (1981). Assessments of biotic integrity using fish
communities.
Fisheries,
6,
21-27.
https://doi.org/10.1577/15488446(1981)006%3C0021:AOBIUF%3E2.0.CO;2
Karr, J.R. (1991). Biological integrity: A long-neglected
aspect of water resource management. Ecological
Applications,
1,
66-84.
http://doi.org/
10.2307/1941848
Karr, J.R., & Dionne, M . (1991). Designing surveys to
assess biological integrity in lakes and reservoirs, in
biological criteria. In Research and regulation—
proceedings of a symposium, EPA-440/5-91-005 (pp.
62–72). Washington, DC: US EPA, Office of Waters.
Karr, J.R., Fausch, K.D., Angermerier, P.L., Yant, P.R., &
Schlosser, I.J. (1986). Assessing biological integrity
in running waters: a method and its rationale,'Special
Publication 5 Illinois Department of Natural
Resources, Illinois Natural History
Survey,
Champaign, IL, USA.
Lee, J.H., & An, K.G. (2014). Integrative restoration
assessment of an urban stream using multiple
modelling approaches with physical, chemical and
biological
integrity
indicators.
Ecological
Engineering,
62,
153-167.
https://doi.org/10.1016/j.ecoleng.2013.10.006
Legendre, P., & Legendre, L. (1998). Numerical ecology:
second
English
edition.
Developments
in
environmental modelling, 20.
Lyons, J., Navarro-Perez, S., Cochran, P. A., Santana, E., &
Guzman-Arroyo, M . (1995). Index of biotic integrity
based on fish assemblages for the conservation of
streams and rivers in west-central M exico.
Conservation
Biology,
9,
569–584.
https://doi.org/10.1046/j.1523-1739.1995.09030569.x
M arker, A.F.H., Crowther C.A., & Gunn R.J.M . (1980).
M ethanol and acetone as solvents for estimating
chlorophyll
a
and
phaeopigments
by

spectrophotometry. Arch. Hydrobiology Beih Ergebn
Limnology. 14, 52-59.
M cCune, B., & M efford, M . J. (1999). PC-ORD.
M ultivariate analysis of ecological data. Version 4.0.
Gleneden Beach: M jM Software.
M inistry of Land, Transport and M aritime Affairs. (2009).
Water management information system. M inistry of
Land, Transport and M aritime Affairs, Seoul
MOE (2006). Korean Republic, M inistry of Environments
/National Institute of Environmental research (NIER).
Researches for integrative assessment methodology of
aquatic environments (III): Development of aquatic
ecosystem health assessments and evaluation system,
1st ed., M OE/NIER: Incheon, Korea.
Prepas, E.E., & Trew, D.O. (1983). Evaluation of the
phosphorus– chlorophyll relationship for lakes off the
Precambrian shield in western. Canadian Journal of
Fisheries and Aquatic Sciences, 40, 27–35.
https://doi.org/10.1139/f83-005
Simon, T.P., Lyons, J. (1995). Application of the index of
biotic integrity to evaluate water resource integrity in
freshwater ecosystems. In: W.S. Davis, & T.P. Simon
(Eds.), Biological Assessment and Criteria: Tools for
Water Resource Planning and Decision-making (pp.
245-262). Lewis Publishers, Boca Raton,
Steedman, R.J. (1988). M odification and assessment of an
index of biotic integrity to quantify stream quality in
southern Ontario. Canadian Journal of Fisheries and
Aquatic
Sciences,
45(3),
492-501.
https://doi.org/10.1139/f88-059
Wang, L., Brenden, T., Seelbach, P., Cooper, A., Allan, D.,
& Clark, R.J. (2008). Landscape based identification
of human disturbance gradients and reference
conditions for M ichigan streams. Environmental
Monitoring
and
Assessment,
141(1),
1-17.
https://doi.org/10.1007/s10661-006-9510-4
Yoder, C.O., & Rankin, E.T. (1998). The role of biological
indicators in a state water quality management
process. Environmental Monitoring and Assessment,
51(1-2),
61-88.
https://doi.org/10.1023/A:1005937927108
Yoon, K.S., Cho, J.Y., Choi, J.K., & Son, J.G. (2006).
Water management and N, P losses from paddy fields
in Southern Korea. Journal of the American Water
resources
Association,
42,
1205-1216.
http://doi.org/10.1111/j.1752-1688.2006.tb05295.x

